Biodiversity across elevational gradients generally follows patterns, the evolutionary origins of which are debated. We trapped small non-volant mammals across an elevational gradient on Mount (Mt.) Kinabalu (4,101 m) and Mt. Tambuyukon (2,579 m), two neighboring mountains in Borneo, Malaysia. We also included visual records and camera trap data from Mt. Tambuyukon. On Mt. Tambuyukon we trapped a total of 299 individuals from 23 species in 6,187 trap nights (4.8% success rate). For Mt. Kinabalu we trapped a total 213 animals from 19 species, in 2,044 trap nights, a 10.4% success rate. We documented the highest diversity in the low elevations for both mountains, unlike previous less complete surveys which supported a mid-elevation diversity bulge on Mt. Kinabalu.
Introduction
We surveyed the diversity of the non-volant small mammals along the elevational gradients of two neighboring mountains on the island of Borneo: Mt. Kinabalu (4,101 m) and Mt.
Tambuyukon (2,579 m). Previous surveys of elevational transects have measured diversity along altitudinal gradients on Mt. Kinabalu for a wide diversity of taxa: moths (Beck & Chey 2008) , ants (Brühl et al. 1999; Malsch et al. 2008) , plants (Kitayama 1992; giba & Kitayama 1999; giba et al. 2005; Grytnes & Beaman, 2006; Grytnes et al. 2008) , Oribatid mites (Hasegawa et al. 2006) , and small mammals (Nor 2001) . These studies have recovered a decline in diversity with elevation, which seems to fit a global pattern (Rahbek 1995) . This decline is also compatible in some cases with the mid-domain effect (MDE). Such evidence has been reported for small mammals on Mt. Kinabalu, which could be related to the incomplete sampling of low elevations.
On a broader scale, the MDE hypothesis predicts highest diversity at middle elevations, but in mammals it is only partially supported by other worldwide data (McCain 2005 (McCain , 2007a .
glternative mechanisms have been proposed to explain diversity gradients on mountains, as climatic (McCain 2007b) , or ecological (total area and diversity of habitats; Rozenweig 1992).
Contrary to all theoretical hypotheses, some mammal communities have been observed to have peak diversity at the highest elevation, which could be explained by historical factors (i.e. rodents in Peru, Patterson & Stotz ,1998, and Dreiss et al., 2015) . Overall, the drivers of diversity in elevational gradients are not clearly defined and the patterns do not respond to a universal rule (Rahbek 1995; Patterson & Stotz 1998; Heaney 2001; Li et al. 2003; McCain 2007a McCain , 2009 Li et al. 2009; Dreiss et al. 2015) .
The goals of this study were (1) to better characterize the diversity of the small mammal community along elevational gradients in Kinabalu National Park, (2) to evaluate whether the MDE previously described is robust to incomplete sampling of the low-elevations, (3) to determine if the same pattern of diversity across the altitudinal transect is the same on the two mountains, and (4) to discuss evolutionary and historical factors that could have driven small mammal diversity with elevation in this context.
Materials & Methods

Study sites
Mt. Kinabalu and Mt. Tambuyukon are two neighboring peaks inside Kinabalu National Park in the Malaysian state of Sabah, Borneo (Figure 1 ). This park covers 764 square kilometers. Mt.
Kinabalu is the tallest peak in Borneo at 4,101 meters above sea level (m), and is home to thousands of endemic plant and animal species (van der Ent 2013). Mt. Tambuyukon (the 3 rd highest peak in Borneo, 2,579 m; Figure 1 ), despite being only 18 km away, is far less scientifically explored. The vegetation zones as described by Kitayama (1992) for Mt. Kinabalu have been used for simplicity as well as for consistency with previous elevational surveys (Nor, 2001 ): lowland (>1,200 m), lower montane (1,200-2,000 m), upper montane (2,000-2,800 m) and subalpine (2,800 m -3,400).
The geology of Kinabalu Park is complex, with recent uplift events (~1.5 million years ago) leading to the modern appearance of Mt. Kinabalu, including 13 jagged granite peaks along the summit (Jacobson 1978) . Mt. Tambuyukon is a much older mountain, and is currently eroding away, while Mt. Kinabalu continues to rise (Cottam et al. 2013) . This area of Sabah, Malaysia, also houses a great expanse of ultramafic outcrops (nickel and magnesium rich soils with more basic pH). gssociated with these soils are unique and rich floral assemblages which tolerate the high concentration of ions (van der Ent 2011 (van der Ent , 2015 : there are at least 2,542 ultramafic associated species. Mt. Tambuyukon contains a higher proportion of ultramafic soils than Mt. Kinabalu (van 
Field sudvey
Surveys were conducted in two consecutive field seasons along elevational gradients following climbing trails along Mt. Tambuyukon and Mt. Kinabalu. We targeted small non-volant mammals and further included opportunistic observations and data from trail cameras. Species identification was performed according to Payne et al. (2007) . During the first field season we surveyed Mt. Tambuyukon in June-gugust 2012. Surveys for the second field season were conducted on select locations on Mt. Tambuyukon and along the full elevational gradient of Mt.
Kinabalu in February-gpril 2013.
We set traps from ~331 -2,509 m on Mt. Tambuyukon, and from 503-3,466 m on Mt. Kinabalu (Supplementary File S1). The taxa we expected in the small mammal trap surveys included members of the families Soricidae (shrews), Erinaceidae (gymnures), Tupaiidae (treeshrews), and rodents in the family Muridae (mice and rats) and Sciuridae (squirrels). Trapping was conducted following ethical standards according to the guidelines of the gmerican Society of Mammalogists (Sikes et al. 2016) . gnimal care and use committees approved the protocols (Smithsonian Institution, National Museum of Natural History, Proposal Number 2012-04 and Estación Biológica de Doñana Proposal Number CGL2010-21524). Sherman traps (two sizes used: 30 cm and 37cm long), and local mesh-wire box traps were used.
We considered traps as 'terrestrial' if set below approximately 3 meters off the ground. gnything above that was considered 'arboreal'. g bait mixture (of varying composition) consisting of bananas, coconuts, sweet potatoes, palm fruit and oil, vanilla extract, and dried fish was placed in each trap. g small number of pitfall traps were distributed from 500-2,000 m on Mt.
Tambuyukon.
Each trapping location had a total of 2-4 transects. The highest elevation had a lower number of trap nights due to the smaller area available for placement of traps. Coordinates for trapping locations were recorded using Garmin eTrex ® series and Garmin GPSmap 60CSx. The minimum number of trap nights was based on the saturation rates obtained from Nor (2001) at approximately 300 trap nights.
We set up 4 camera traps (Reconyx rapid fire RC55 cameras, and ScoutGuard HCO cameras) along the mountaineering trail on Mt. Tambuyukon. Camera 1 was placed at 500 m, at the first kilometer marker for the hiking trail. Cameras 2 and 3 were placed along the Kepuakan River Figure 2 ).
We calculated the beta diversity for each mountain using a Sorensen-based dissimilarity index 
Results
Field sudvey
On Mt. Tambuyukon, we trapped a total of 295 different individuals (not including recaptured animals) from 21 different species (Supplementary File S1) over 5,957 trap nights, for a total of 5.0% trap success (not including arboreal or pitfall trapping; Table 1 ). Trap success at each elevation ranged from 2.1% at 1,600 m to 9.6% at 2,400 m. We trapped 21 species including one (Table 2 ).
On Mt. Kinabalu, we trapped a total of 209 different individuals over 2,022 trap nights, for an average trap success of 10.3%. We trapped a total of 19 species, including a Kinabalu ferretbadger at 3,200 m ( Table 2 ). The trap success across elevations was much higher on Mt.
Kinabalu, ranging from 5.6% (at 900 m), to 15.4% (at 2,700 m) ( Table 1 ). This overall higher capture rate resulted in species saturation with a lower number of trap nights on Mt. Kinabalu than on Mt. Tambuyukon ( Figure 3 ).
Species distdibution
Trapping
The distribution and abundance of species was not even across all elevations surveyed ( Leopoldamys sabanus). This high elevation community, despite having fewer species, was mostly composed of Bornean montane endemics ( Figure 5 ). We recorded for the first time on another peak the summit rat (Rattus baluensis), which was thought to be endemic to Mt. Kinabalu.
Maxomys alticola and Sundasciudus evedetti are endemic to northern Borneo, and Tupaia montana is more widespread across mid to high elevation areas of Borneo. The last two species,
Hylomys suillus and Sundamys infdaluteus, have distributions very similar to Maxomys alticola
and Sundasciudus evedetti on Borneo, but are also reported elsewhere in Sundaland.
We captured a single animal that was identified as Suncus sp. after a trapping effort of 176 pitfall trap nights. g less intensive tree trapping effort of 76 trap nights yielded six small mammal species identified as: Tupaia montana (n = 2), Lenothdix canus (n = 1), Callosciudus pdevostii (n = 1), Sundasciudus jentinki (n = 1), Sundamys muelledi (n = 1) and Tupaia minod (n = 1). Despite the smaller effort of arboreal trap nights, we still captured two species that were not trapped elsewhere (Lenothdix canus and Sundasciudus jentinki). The forest has a complex three- dimensional structure, with vines and logs used by terrestrial animals to reach zones slightly off the forest floor. grboreal species also sometimes frequent structures closer to the ground. We used a threshold of three meters off the ground to consider a trap arboreal. However, we also caught arboreal species in ground traps or traps close to the ground (< 3m): Chidopodomys pusillus, Callosciudus pdevostii and Tupaia minod.
Camera traps
We set 4 trail cameras on Mt. Tambuyukon to document larger mammals not targeted by our traps. They documented an additional 8 species of mammals (Table 3 ; Supplementary File S2).
The number of species captured on the cameras varied from one to five, with the camera at 500 m exhibiting the most diversity, both in number of species and number of independent visits (Table   3 ). The species documented on the camera survey for Camera 1 (500 m) included a pig-tailed Mt. Tambuyukon can be found in Table 4 .
Divedsity analyses
Both mountains showed a similar pattern for the diversity estimates across elevations (Figure 2 ; Table 5 ). Species richness and Shannon diversity were maximum in low elevations and decreased gradually towards high elevations. However, evenness was lowest at middle elevations (Ushaped) (Figure 2 ; Table 5 ). The high dominance of some species at middle elevations (e.g.
Tupaia montana) leads the Shannon diversity to sink at around 1,500 m in both mountains.
However, Shannon diversity increases again towards the highest elevations due to the more even frequency of the species in the small mammal communities at these altitudes, despite species richness being lower ( Figure 2 ; Table 5 ). Mt. Kinabalu. This species was common at high elevations and has it lower distribution limit at around 2,000 m. g population genetic analysis of the summit rats from Mt. Kinabalu and Mt.
Tambuyukon demonstrated that they are currently genetically isolated (Camacho-Sanchez et al.
accepted).
We caught all described Sabahan terrestrial murids associated with non-perturbed habitats except 
2016). We did not catch or observe moonrats (Echinosodex gymnuda), although they are common in lowlands (Phillipps and Phillips 2016).
The identification of new populations and the high level of endemism ( Figure 5 ) inside the best surveyed national park on Borneo highlights the importance of continuing to conduct surveys and explore and document the natural diversity in the region and also the important role that Kinabalu Park plays in the ongoing conservation of biodiversity on Borneo.
The MidFDomain Hypothesis: a matted of sampling?
Colwell & Lees (2000) suggested that a mid-domain effect (species richness is greatest in middle elevations in mountains) should constitute the null hypothesis over which deviations should be Our results are consistent with the spatial hypothesis which states that (1) at the regional level larger areas, such as the lower elevations in mountains, where extinction is lower and speciation is favored since there are more chances for natural barriers and hence for allopatric speciation (Rosenzweig 1992) , whereas at the local scale (2) habitats, leading to greater species diversity (Rosenzweig 1995) . Possibly, the relationship between area and diversity on elevational gradients along large mountains falls somewhere between these processes (McCain 2007a). These patterns together describe a mammal community more diverse in lowlands in terms of species number and evenness. Shannon diversity plunged towards middle elevations. This was mainly due to a combination of a decrease in species richness together with the high dominance of some species in this habitat, such as Tupaia montana, which accumulated up to 59% of the captures at middle elevations. The number of species was lowest at the highest elevations, which is cohesive with global patterns of species richness described by Rahbek (1995) . However, the diversity remained similar or even higher than in middle elevations because of the high evenness in the community composition in highlands.
glthough we trapped most of the expected species of small terrestrial mammals, our sampling of the diversity was far from complete. For example, we only captured a fraction of regional diversity for some taxa such as tree and flying squirrels (Nor 2001 , Payne et al. 2007 ). Many species of squirrels were observed, but never trapped, which we attributed to the lack of systematic arboreal traps and/or trapability of the species. The high canopy species were rarely observed, and without substantial effort to place cage traps in the highest strata of the forest they are very difficult to trap in cage traps (most historical museum specimens were collected via firearms). The home range size may also affect the likelihood of trapping those species. Regional and local diversity are usually positively correlated (Caley & Schluter 1997) but local circumstances can profoundly affect the local community structure (Ricklefs 1987) . However, there are few data for some groups such as shrews, small carnivores and tree and flying squirrels, to relate the regional diversity to local community assemblages. g replicated sampling scheme taking into account these regional-local relationships in diversity is important to overcome biases in the description of diversity along elevational gradients.
Histodical and phylogenetic constdains in divedsity
The turnover component of the beta diversity (βSIM) was very high with respect to its nestedness component (βNES) on both mountains (Mt. Kinabalu βSIM = 0.71 vs βNES = 0.04; Mt. Tambuyukon βSIM =0.65 vs βNES = 0.09). That is, the assemblages at different elevations are not the product of species loss from the richest assemblages. Instead, they are singular assemblages with different species compositions.
The small mammal communities found in the high elevations of both Mt. Kinabalu and Mt.
Tambuyukon had very similar species composition. These species are largely endemic to high mountain habitat in northern Borneo. This is in striking contrast to the lowland community, which is comprised primarily of widespread species, many of which are also distributed across other Sundaland landmasses such as Sumatra and the Malay Peninsula. This pattern could be even more pronounced as some of the highland taxa also found on other islands in Sunda are revised (i.e. Hylomys suillus and Sundamys infdaluteus; Camacho Sánchez 2017). The observed high levels of endemism on the higher slopes is partially attributed to speciation from lowland taxa, a pattern which has been identified in other groups in Kinabalu (Merckx et al. 2015) . The structure of this diversity along the elevational gradients could be maintained by the lower extinction rates 
Conclusions
We report a decline in small mammal diversity from low to high elevations on both Mt. Kinabalu and Mt. Tambuyukon. This pattern differs from the previously described mid-elevation bulge for
Mt. Kinabalu, highlighting the relevance of complete sampling of the regional diversity for biogeographical inferences. Instead, the pattern we found seems supported by the larger heterogeneity and larger areas in lowlands, which could promote speciation and decrease extinction. gdditionally, the particular climatic history and elevation of the mountain range and extinction/speciation rates could play a major role in structuring mammal diversity along this elevational gradient. However, most tropical mammals have been poorly studied, and deeper ecological and evolutionary history insights are needed to better understand the processes that shape mammalian diversity along mountains. Small mammals trapped at each trapping location. Results of camera trap survey.
Results of camera trap surveys, with relative abundance calculated for 100 trap nights. 
